Introduction
Thromboembolic events (TE) in myeloproliferative neoplasms (MPN) are well-described but incompletely understood. 1, 2 The manifestation of TE in MPN is characterized by involvement of large and small arterial or venous conduits. Large abdominal veins are particularly targeted by MPN-associated thrombosis. 3 Although advanced age and history of thrombosis are well-established risk factors for thrombosis in essential thrombocythemia (ET) and polycythemia vera (PV), the origin of their hypercoagulable state in general remains an enigma. 4, 5 Putative contributors include blood hyperviscosity due to erythrocytosis, abnormal activation of platelets and leukocytes and acquired resistance to activated protein C. 2, 6, 7 Recently, both leukocytosis and the JAK2V617F mutation have been identified as potential risk factors. [8] [9] [10] [11] [12] There is limited information on the prevalence and distribution of TE in primary myelofibrosis (PMF).
Design and Methods
After institutional review board approval, patients (≥ 18 years) were recruited form the Mayo Clinic PMF database. Diagnosis was according to the 2001 WHO criteria. 13 The "pre-fibrotic" form of PMF was excluded. Clinical and laboratory information from diagnosis was correlated with the occurrence of TE in general and arterial (AT) or venous (VT) thrombosis in particular. Qualitative JAK2V617F analysis was made according to previously published PCR-based methods on stored bone marrow. 14 Only thromboses registered during follow up were considered in this analysis. Arterial events considered included acute coronary syndromes (ACS) that encompassed myocardial infarction (MI), unstable angina and objectively confirmed coronary ischemia requiring revascularization procedures, stroke, transient ischemic attack (TIA) and peripheral arterial thrombosis (PAT). Venous events included extremity deep venous thrombosis (DVT), pulmonary embolism (PE), abdominal and cerebral vein thrombosis (CVT). Abdominal vein thrombosis (AVT) included portal, splenic, hepatic and or mesenteric vein thrombosis. The diagnosis of TE was accepted only if objectively proven according to published criteria. 15, 16 Minor vascular occlusive events such as erythromelalgia and superficial thrombophlebitis were not included.
Cardiovascular risk factors included hypertension, hypercholesterolemia, diabetes mellitus, obesity (BMI > 30) and tobacco use. Provoked VT was defined as an objectively confirmed episode associated with reversible risk factors such as a recent (i.e. within two months) surgery with general anesthesia lasting at least 30 minutes, fracture, trauma or plaster casting, confinement to bed for more than five consecutive days, pregnancy or the puerperium, or exogenous estrogenic/ progestogenic therapy. Standard statistical methods were used to test significance of associations between TE and variables previously associated with TE risk in MPN. Cox's regression model was used for multivariable analysis of thrombosis-free survival.
Results and Discussion
The characteristics of 205 consecutive patients with PMF meeting inclusion criteria (known JAK2V617F mutational sta-© F e r r a t a S t o r t i F o u n d a t i o n tus) diagnosed between 1982 and 2008 are outlined in Table 1 . Prior to, or at diagnosis, a total of 27 subjects (13.2%) had experienced a vascular event. Of these, 21 (10.2%) and 7 (3.4%) patients had a total of 26 arterial and 12 venous events, respectively. Several patients had more than one event and some both arterial and venous events. Seven patients (3.4%) had experienced VTE. Of these, 5 patients had one (n=3), 2 (n=1) or 3 (n=1) episodes of DVT/PE, respectively. The first DVT/ PE was provoked in all cases, arising post-operatively (n=3), post-trauma (n=1) and post-partum (n=1) as defined. The single case of CVT thrombosis also occurred in the post-partum setting. Three patients had a history of AVT, all of which were spontaneous.
Thrombotic events post-diagnosis
After a median follow up of 31.3 months (range: 0.03-274.1), a total of 22 subjects (10.7%) had experienced a post-diagnosis vascular event. Of these, 9 (4.4%) and 16 (7.8%) patients had a total of 9 arterial and 24 venous events, respectively (Table 1) . Several patients had more than one event and some both arterial and venous events. Thirteen patients (6.3%) had one (n=10), 2 (n=2) or 3 (n=1) episodes of DVT/PE. Of these, 6 were spontaneous and 11 occurred following surgery (n=4), central venous catheter/ device placement (n=4), initiation of hormonal or chemotherapy (n=2) or during prolonged hospitalization for febrile illness (n=1). Seven patients (3.4%) experienced AVT, of which 5 occurred post-splenectomy, one occurred on tamoxifen for ductal carcinoma in situ of the breast (DCIS) and one occurred spontaneously.
Analysis of risk factors predicting thrombotic events in follow up
Results of the univariate analysis of risk factors for postdiagnosis TE are outlined in Table 2 . Only those variables of significance, or trend thereof (<0.1) were included for the multivariable analysis. On multivariable analysis, only prior TE, ATE or VTE sustained significance for post-diagnosis TE (P=0.04), ATE (P=0.0069), or VTE (P=0.02), respectively.
The current study provides an accurate description of both arterial and venous thrombotic events in PMF. At 13.2%, the overall prevalence of TE is lower than that reported for PV (20-40%) but similar to that of ET (~13%). 5, 16 The characteristic propensity for AVT, as seen in PV and ET, is notable, occurring spontaneously in and accounting for 11% of prior TE. 16 However, during follow up, unlike the case with PV or ET, we observed a greater frequency of VTE compared with ATE. The only baseline factor that was independently predictive of future TE was that of prior TE. As reported for ET and PV, prior vascular events in the arterial and venous distribution were predictive of subsequent ATE and VTE, respectively. 8, 16 The remaining factors that had shown significance or trend thereof on univariate analysis (i.e. age, leukocytes >15¥10 9 /L and JAK2V617F mutational status) lost this effect on multivariable analysis.
Recently Barbui et al. reported the frequency and predictive factors for major vascular events in 707 patients with PMF. 17 They reported similar or slightly lower prevalence of prior TE (9.5%) and during follow up (7.2%) and the distribution of arterial to venous events were approximately equal during both time periods. In view of the larger patient cohort, these data are likely statistically more robust than this analysis. However, they too noted a "remarkably high rate of fatal and non-fatal venous thrombosis" and registered a high rate of DVT affecting legs, brain and splanchnic area but specific details for the nonfatal events were not reported. 17 In a multivariable model, they found age over 60 years and JAK2V617F mutational status were significantly associated with thrombosis, Thrombosis in myelofibrosis haematologica | 2010; 95 (10) 1789 
++ Cardiovascular risk factors recorded at baseline included history of smoking (49%). hypertension (40%), hypercholesterolemia (33%), obesity (BMI > 30) (31%) and diabetes mellitus (16%). At or before diagnosis: **DVT/PE: 5 patients had 1 (n=3), 2 (n=1) or 3 (n=1) episodes of DVT/PE. The first DVT/ PE was provoked in all cases including postoperatively (n=3), post-trauma (n=1) and post-partum (n=1
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while the strength of the association between leukocytes greater than 15¥10 9 /L became borderline. No statistically significant difference was found by separated analysis of venous or arterial events.
Prior thrombosis, advanced age and leukocytosis have been reported as risk factors for TE in PV and ET whereas the contribution of cardiovascular risk factors has not been firmly established and the role of acquired thrombophilic states has not been systematically assessed. 4, 5, 8, 9, 18 With regards to the latter, only one retrospective study assessed vascular complications of surgical procedures in PV and ET, reporting that despite good control of the myeloproliferative process and antithrombotic prophylaxis, a high proportion of surgeries were complicated by vascular occlusion (7.7%) or by a major hemorrhage (7.3%). The authors estimated the risk of DVT after major surgery to be increased at least 5-fold compared to that expected. 19 The observed unpredictable rate of hemorrhage highlights the challenges in the management of MPN. In the current series, we noted that the majority of VTE occurred in association with circumstantial risk factors such as surgery, line placement or hormonal therapy. As is well established in the oncology literature, VTE can be the first manifestation of occult neoplasia, represent a direct complication of hypercoagulability related to a known malignancy, or complicate hospitalization, surgery, line placement or systemic therapy. 20 Patients with PMF, compared with ET and PV, a more advanced MPN, are likely exposed to more thrombotic challenges as their disease progresses. The greater frequency of VTE we observed following diagnosis would also be concordant with this well described analogy among cancer patients, although the oncology literature has largely excluded MPN. 21, 22 In conclusion, we confirm the hypercoagulable state, well characterized for ET and PV, also to afflict patients with PMF. Prior TE are predictive of future TE in the same vascular distribution. The observation that many VTE occur in association with circumstantial thrombotic challenges emphasizes the need for caution in the selection of therapeutic interventions and for further study to identify safe and effective prophylactic strategies for patients with MPN. © F e r r a t a S t o r t i F o u n d a t i o n
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